This study was undertaken to investigate the effect of sea-cucumber (Holothuriaatra) population density on sea bottom sediment; redox potential, Total organic matter (TOM) assimilation, ammonification and nitrification activity. In protected aquaculture ponds at National Institute of Oceanography and Fisheries (NIOF), Four treatments of high population density (108 individuals/HPDP of 30m 2 ), mediumpopulation density (54 individuals/MPDP of 30m 2 ), low population density (18 individuals/LPDP of 30m
The holothurians, or sea cucumbers, include a class, Holothuroidea, of some 900 members within the invertebrate phylum Echinodermata (Barnes, 1987) .About 80 species of sea cucumber belonging to 22 generarecorded in the Red Sea (Vine, 1986) .Holothurians and other sedimentfeeders are key components of a benthic recycling system that may have some similarity to the planktonic microbial loop (Uthicke, 2001a) .Holothurians are also believed to play a significant role in nutrient cycling and sediment modification in shallow-water habitats (Amon and Hemdl, 1991; Hanafy, 2011) . Holothurians are common inhabitants of sheltered marine shallow-water substrates;obtain food by the ingestion of marine sediment, or by filtration of sea water. Depositfeeding holothurians are well-known members of many deep benthic communities (Laubier and Sibuet, 1979; Menzieset al., 1973; Graham and Ballaglene, 2004) where they are assumed to mix up the deep sea mud on a large range (Heezen and Hollister, 1971 ). Sediment ingested by deposit feeding holothuroids is of low nutrient value. The low richness of organic matter forces the deposit feeders to ingest large amounts of sediment to obtain their required energy (Santos et al., 1994) .
Holothurians fecal pellets contribute to the detritus pool in coastal ecosystems. Pellets are deposited normally in unsystematicmanner, forming fecal mounds of variable size and organic matter content, often richer than the neighboring sediment (Sloan and von Bodungen, 1980) . Organic matter from decaying fecal pellets can be re-suspended by waves, currents and biota and will influence the relative amounts of organic carbon (Hopkinson, 1985) . Re-suspension seems to favor repositioning of particulate material rather than dissolved nutrients (Wainwright, 1990) .
The use of direct count techniques demonstrated higher numbers of bacteria in the holothurian intestinal tract than in the neighboring sediment (Deming and Colwell, 1982) . On the basis of these findings, the presence of an active commensal gut flora metabolizing organic matter ingested by the holothurian was suggested (Deming and Colwell, 1982) . Other reports (Phillips, 1984; Barlocher and Kendrick, 1978) have suggested that gut bacteria may have an important role in the supply of particular necessary amino acids to the holothurian, in the same manner that rumen microbes supply some essential nutrients to their hosts (Purser, 1970) . On the other hand Dilution plating of samples indicated that numbers of culturable bacteria were greater in the hindgut than in the foregut, but in both cases less than that found in the surrounding sediment (Ward-Raineyet al., 1996) .
Holothuriaatra is one of the most common and widest ranging tropical, coral reef sea cucumbers in the world (Skillingset al., 2011) . Holothuriaatra is the most abundant and frequent holothurian in all countries within the region (common name: black lollyfish), and therefore one of the most studied species despite its low commercial value (Conand, 1996; Jaquemetet al., 1999; Uthickeet al., 2001b; Dhinakaran and Liptonb, 2014; Conand and Mangion, 2002; Conand, 2004; Taddei, 2006) .
The nutrition of H. atra has been studied, as the species is a major component of the softbottom reef communities and mudflats (Taddei, 2006; Ashaet al., 2015) ; Conand and Mangion, 2002; Conand, 2008 , Purcell et al., 2009 . The nutrition of the two dominant species, Holothuriaatra and H. leucospilota, has first been studied at two sites, one eutrophicated and one oligotrophic (Mangion et al., 2004) . Gut content analysis showed that the organic matter ingested from the sediment was used with 10 percent efficiency for both species (Mangion et al., 2004) . The carbon: nitrogen ratio decreased along the gut showing organic matter degradation. This shows the ability of these holothurians to break down the organic matter from the sediment and to make it easily available for other organisms (Mangion et al., 2004) .
During the last decade, fishing of sea cucumber has appeared as major added threats to Egyptian reefs of the Red Sea. After the reduction of sea cucumber fisheries in other parts of the world (kinch, 2002) .By 2000, the sea cucumber fisheries in Egypt had increased greatly as a result of high demand for beche-demer and the high prices paid for it. Between 2002 and 2004, extensive fishing of sea cucumber caused a serious depletion in the natural stocks where commercial species disappeared completely from many reefs (Hanafy, 2011) . Lawrence et al., (2004) , provided detailed density estimates for different areas in Egypt. Holothuriaatra was by far the most abundant followed by Actinopygamauritiana. A second survey conducted four years following the official fishing ban, has shown that there was some evidence of the return of some commercial species, but no evidence of stock recovery (Ahmed and Lawrence, 2007) .This work is designed to investigate the impact of sea cucumber removal, represented by Holothuriaatra, on physico-chemical characteristics, specific bacterial content and the rate of ammonification and nitrification processes of inthe animal gut contents and the sea floor sediment.
2-Materials and methods
2.1 Experimental site and design A preliminary survey had been made to select aappropriatesite, characterized with high density of H. atra, near to Hurghada city and easily accessible at any time without obstacles. The other selected site was to establish aquaculture ponds to study the effect of H.atraon sediment features. As a result of survey we found that the best location to collect H. atra, identified within the scope of the El Gouna resort (N: 27°24'3.69, E: 33°41'15.68) to confront one of private villas as shown in figure (1); it had not been subjected to overfishing until the completion of the study (El Gouna site-A).The aquaculture pond (N: 27°17'6.21, E: 33°46'23.02) of (NIOF) was selected and modified shown in figure (2). The pond was 10m x12m, divided into four sections by using green nets supported by metal stands and embedded in the pond sediment to 20 cm depth to avoid the animal escaping from one section to the neighboring one. Each of the sub-ponds had the dimensions 5m x 6m, the water get into and get out of the ponds following the high and low tide of the sea through fine crevices in the pond walls. About 200 animals collected and distributed into the pre-prepared sub-ponds. In the first section (HPDP: 108 animals) of H.atra was allocated while in the second 54 animals allocated to represent the MPDP and in the third 18 animals was allocated to represent LPDP, while the fourth section of the pond was left as a reference or control pond.
SEDIMENT SAMPLING AND ANALYSIS FOR PHYSICO-CHEMICAL PARAMETERS OF SEDIMENT.
Sediment samples were collected monthly by using a transparent cylindrical corer of 4.5 cm diameter and 50 cm length. The samples were collected in a 500g sterilized plastic bags. Three cores with 10 cm heights ambient sediment were collected randomly from each of the population desity ponds and reference pond and placed into labeled plastic bags. Physicochemical parameters were analyzed for each sample. At the time of sampling, Oxidation Reduction potential (Eh)was measured by using a digital pH meter (Hanne III 9024C). Determination of weight of sediment organic matter (and thereafter percent organic matter-POM) of the digestive tract contents and the ambient sediments were determined by thesequential loss on ignition (Dean, 1974) . Ammonia was measured by using the method of Steam Distillation with magnesium oxide according to the procedure described by (Bremner and Keeney, 1965) . Oxidized nitrogen (nitrate + nitrite) was determined according to the method of Steam Distillation with MgO and Devarda"s alloy after removal of ammonia-nitrogen by steam distillation method ( Brenmer and Keeney, 1965) . Nitrite was measured colorimetry based on the Griess-Ilosvy Method which reported by Barnes and Folkard(1951) and Bremner(1965) . 
SPECIMEN COLLECTION
Three actively feeding H.atrawere collected from different ponds and a replacement with the same numbers were done to keep the density. The holothurians" were placed on a sterilized surface. The dissection was carried out within 2 h of collection, under aseptic conditions. The animal"s body wall was cut away to expose the intestine, which was removed to a sterile container. An incision was made at each end of the gut, and samples of gut content were removed from the fore and hindgut areas. Ambient sediment samples also collected.
3.3.2ENUMERATION OF AMMONIFYING AND NITRIFYING BACTERIA
According to Belser and Mays (1982) and Alexander (1982) Most Probable Number MPN technique used for Enumeration of Ammonifying and Nitrifying bacteria in sediment ponds, foregut contents and hind gut contents of Holothuriaatra, by MPN.
Determination of Ammonification and nitrification Activity.
Potential ammonification rates were measured by following the conversion of L-arginine to ammonium (Alef and Kleiner, 1986; Nancy et al., 1995) . Nitrification activity was measured according to the procedure reported by (Schmidt and Belser, 1982; Groffman, 1987) .
4-RESULTS
The highest Eh value was 223 mV recorded in January at the MPDP while the minimum value 168 mV was recorded in May at RP. In the HPDP the Eh was increased from 207mV in the
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5 beginning of the experiment to 221mV at the end of the experiment. Slight changes recorded in Eh value in both MPDP and LPDP. In general, the bottom sediments of the controlled experiment ponds preserve their characteristics in the oxidized form which enhanced the biological activities (Table 1; Figure2) .The presence of sea cucumbers H. atra had a highly significant effect (p<0.001) on the Eh values in the sediment over the 6 months period of the experiment.
The TOM decreased by 16.04% (22.32% to 6.28%); 5.34% (10.54% to 5.2%); 3.02 % (8.02% to 5.0%) and 3.61% (8.35% to 4.74%) in HPDP, MPDP, LPDP and RP, respectively. The highest TOM (23.32%) was recorded in the HPDP in December while the minimum value was 4.74 % at the RP in April (Figure 3) . H. atra causes significant decreasing in TOM contents in sediment from 22.32% to 6.28%, from 10.54% to 5.2%, from 8.02% to 5.0% and from 8.35% to 4.74% in HPDP, MPDP, LPDP and RP respectively. TOM% in the gut content was fluctuated from 6.93% to 26.57%. The averages of TOM in gut contents recorded higher percentages than the ambient sediments in December, April and May ( 
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The maximum monthly mean of ammonia 6.93µgg -1 in HPDP in January and the lowest mean 0.09µg g -1 is recorded in LPDP in March. Ammonia concentration in the ponds of H. atra was significantly low compared with the RP (Table 1; Figure 5 ). The highest concentration of nitrates reached 6.25µg g -1 in the MPDP in January while the lowest monthly was 2.84 µg g -1 in the LPDP in March. The recorded concentrations of nitrates in the experimental ponds were lower than concentration in RP through the period of experiment (Table 1; Figure 6) .
The recorded nitrite concentrations in the experimental ponds were inconsistent (Table 1 ; Figure 7 ), the highest mean of nitrite concentration (0.04 µg g -1 ) was recorded in RP in April meanwhile the lowest mean (0.03 µg g -1 )was observed in MPDP in April. The highest count of ammonifying bacteria was 1100 MPN/g in foregut contents in May, while the lowest Ammonifying bacterial count 31.5 MPN/g was recorded in RP in April (Table 2 ; Figure 8 ). Meanwhile the highest count of ammonium oxidizing bacterial count (Nitrosomonassp., Nitrosospira sp. andNitrosolobussp.) 460 MPN/g was observed in the foregut contents in May, while the lowest was 20 MPN/g in hindgut contents during April (Table 2 ; Figure 9 ).Nitrite oxidizing bacterial (Nitrobacterwinogradskyi) counted the highest value 64 MPN/g in foregut contents during April and the lowest count 6.75 MPN/g was in LPDP in May (Table 2 ; Figure 10 ). The overall means in ammonification activity values (Table 2) exhibited that the sediment of the investigated ponds with different densities of H. atra, RP and gut contents were varied significantly where the overall mean values of ammonification activity were 20.94 µg/g/h; 18.91 µg/g/h; 15.44 µg/g/h; 11.67 µg/g/h; 22.16 µg/g/h; 17.94 µg/g/h recorded for HPDP; MPDP; LPDP; RP; Fore-gut and Hind-gut respectively in addition to the highest ammonification activity In the dry sediments, the highest activity of nitrification was 1.19 µg/g/hrecorded in the HPDP in February while, the lowest activity was 0.07 µg/g/h was observed in RP in January. The nitrification in foregut content showed high activities in April and May, the highest activity was in the foregut 2.93 µg/g/h in May and the lowest was 1.27 µg/g/h in addition to the overall means were 0.69µg/g/h; 0.51 µg/g/h; 0.42 µg/g/h; 0.14 µg/g/h; 2.83 µg/g/h; 1.87 µg/g/h recorded for HPDP; MPDP; LPDP; RP; Fore-gut and Hind-gut respectively (Table 2 and 4).
Data analysis showed ammonia-N; nitrate-N and nitrite-N concentration varied non significantly with H. atra population density (p˃0.05) while a highly significant effect recorded with Eh andNitrification activity (p<0.002) and significant effect onTOMand ammonification rate (p<0.05). This study emphasizesthe ecological role of the most dominant holothurians species, H. atra, especially in relation to organic matter assimilation, through its associated bacteria that enhance ammonification and nitrification processes in sediment.
5-Discussion.
Oxidation-reduction potential hereafter referred to as redox potential, can be used as an indicator of the degree of oxidation of sediments. Submerged sediments display a range of redox potentials from +700 mV, which indicates highly oxidized sediment, to -300 mV, which indicates highly reduced sediment (DeLauneet al., 1976) . Intense Reduction in submerged sediments tends to buffer sediments close to pH 7.0 (Ponnamperuma, 1972) . During the current study oxidation reduction potential (Eh) increased in sediment of HPDP from 207mV in the beginning of the experiment to 221 mV at the end of experiment. Slight changes recorded in Eh value in both medium and low population density ponds.While (Eh)in reference pond decreased from 191mV to 168mV. In general, the present study found that Holothuriaatra density increase the redox potential of sediment and kept its characteristics in the oxidized form which enhanced the biological activities, in addition to bioturbation (Mixing) of sediment by Holothuriaatra and sediment reworking are important in establishing the sediment redox conditions and provide insight into the reactivity of sedimentary organic matter. Gordon et al., (1980) maintained that Sediment pH and oxidation-reduction potential were Important factors in governing the population of hydrocarbon degrading microorganisms in the sediment and subsequent mineralization rates. Highest mineralization rates occurred at pH 8.0, and the lowest occurred at pH 5.0.
Results of the present study showed that OM decreased by 16.04% (22.32% to 6.28%); 5.34% (10.54% to 5.2%); 3.02 % (8.02% to 5.0%) and 3.61% (8.35% to 4.74%) in HPDP, MPDP, LPDP and reference pond respectively. The activities of Holothuriaatra enhanced bacterial abundance, which facilitated mineralization processes and provides a mechanistic explanation for the observed reduction in sediment OM content. The low population density pond exhibited the same pattern of the reference pond. The presence of intact bacteria directly associated with the holothurians gut lining was also demonstrated by transmission electron microscopy (Deming and Colwell, 1982) . Moriarty, (1982) measuredorganic carbon and nitrogen and bacterial biomass in the sediments and gut contents of Holothuriaatra and Stichopuschloronotuson the Great Barrier Reef. The author found that significantly higher values of organic carbon and nitrogen and
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10 muramic acid were found in foregut contents of the holothurians, indicating selective feeding on organically rich components of the sediment. Carbon values were 16-34% higher in the foregut than in the sediment. Nitrogen values 35-111% higher and muramic acid values 33-300% higher On the basis of these findings, the presence of an active commensal gut flora metabolizing organic matter ingested by the holothurian was suggested (Deming and Colwell, 1982) . In another study, it was reported that sea cucumber prevented the formation of anaerobic conditions (Uthicke, 2001c; Kitano et al., 2003) by consuming high amount of organic matter inside the sediment. Moreover, it was observed that sea cucumber caused a reduction of ammonium level by consuming organic matter of sediment, by this way it was also able to prevent excess production of algae by stabilizing chlorophyll concentration (Moriarty, 1982) .
Since there were fluctuations in ammonia, nitrate and nitrite concentrations in the present study, increase of ammonia followed by nitrate refer that there was ammonification in the sediment hosted by Holothuriaatra. Decrease of nitrite concentration may refer to nitrification process. Although, controversial results were reported for instance; Uthicke and Klumpp (1998) reported that ammonium nitrogen increased in the oligotrophic areas with sea cucumber. Uthicke (2001a) reported that there were no significant contribution on the total nitrogen in the areas of Holothuriaatra and Stichopus chloronolus. Therefore Holothuriaatra may accelerate nitrification by increasing ammonia as a result of active ammonification and could decrease ammonium concentration in sediment of the population density ponds during the present study. Webbet al., (1977) found that ammonia release rates for three species of holothurians, H. atra, H. difficilus and Actinopygamauritiana were weight specific and the release of ammonia by Holothuriaatrawas equivalent to 9% of the total ammonia exported from the reef proper.
It has been demonstrated that the holothurians and its immediate environment harbour a wide range of microorganisms. However, the presence in Holothuriaatra of a commensally gut flora, independent of that ingested in the sediment, has not been convincingly demonstrated (WardRaineyet al.,1996) . The obtained results in the current study are consistent with findings ofHatmanti and Purwati (2011) who demonstrated that, there are many species of bacteria in the substrates and inside intestine of sea cucumber. There are no specificity in performance, species and number of bacteria which found in anterior or posterior of intestine, as well in their substrates. Besides that, the holothurians do not choose specific bacteria for their feed. Bacteria are the consequence of substrates ingested. Some of them can be microflora in holothurians intestine (Hatmanti and Purwati, (2011). MacTavishet al. (2012) demonstrated that bacteria proliferated in the presence of sea cucumbers and this promoted organic matter decomposition. The average maximum value of ammonification activity and nitrification activity were 36.69 µg NH 4 -N g -1 h -1 and1.19 µg NO 2 -N g -1 dry soil h -1 respectivelyrecorded for HPDP during while, the minimum values were 7.38 µg NH 4 -N g -1 h -1 and 0.07 µg NO 2 -N g -1 h -1 recorded for reference pond. On the other hand ammonification rate and nitrification rate in foregut content is higher during the investigation period in April to May. The average of ammonification activity and nitrification activity in foregut were ranged from 20.48 to 23.83 µg NH 4 -N g -1 h -1 and 2.73 to 2.93 µg NO 2 -N g -1 h -1 respectively.
These findings supported by the obtained results of ammonifying bacteria, ammonium oxidizing bacteria and nitrite oxidizing bacterial count in foregut content were the highest during the period of studywhen compared the same parameters to that recorded in sediment of different population density ponds, reference pond hindgut and skin in addition to ANOVA two way showed Ammonification rate and nitrification rate were varied significally (P<0.01. in different population density ponds of Holothuriaatra. MacTavishet al. (2012) demonstrated that bacteria proliferated in the presence of sea cucumbers and this promoted organic matter decomposition. by facilitating bacterial abundance and suppressing microphytobenthos, deposit-feeding sea cucumbers shift the microbial balance in organically enriched marine sediments and redistribute dissolved nutrients from the sediments into the pelagic environment. Moriarty (1982) indicated that bacteria and nitrogenous components of the organic matter were selectively eaten according to his findings that maintained that, Values for organic carbon and nitrogen and muramic acid were generally lower in the hindgut than in the foregut, due to digestion and assimilation. Assimilation efficiencies averaged 30% for organic carbon, 40% for organic nitrogen and 30-40% for muramic acid (bacteria). Detritus (non-living matter) probably constituted 60-80% of the organic matter in the sediment and thus the food of the holothurians.
Observing reduction in concentrations of ammonium,nitrate, nitrite, organic matter and accelerating ammonification and nitrification rate with preventing anaerobic conditions in the sediment by Holothuriaatra.it can be concluded that Holothuriaatra can be used successfully for improvement of coastal regions with its associated fauna and flora especially coral reef. In another words, Holothuriaatra may both remove biological pollution and improve water quality in such areas. It is crucial to develop as many biological/ecological studies as possible in order to test and apply effective management measures that avoid overexploitation of this, or other, sea cucumber species (Moriarty, 1982) .
